Introduction
Despite a global fall in mortality rates since 2000, malaria remains a worldwide problem, with 198 million cases and 584,000 deaths in 2013 alone. The burden is high, particularly, in the African region, where 90% of all cases and deaths occur. 1 The disease has been estimated to cost the continent more than US$12 billion every year in lost gross domestic product and an average loss of 1.3% of economic growth per year. 2 It is prevalent in 75% of the land of Ethiopia, putting over 45 million people at risk and 4-5 million clinical cases each year. 3 Plasmodium falciparum and Plasmodium vivax contribute to malaria morbidity in the nation in relative proportions of 60% and 40%, respectively. evidence of failure of artesunate-mefloquine combination therapy on the Thailand-Cambodia border and of resistance to artemisinin have raised concerns about the failure of the last effective antimalarial drugs. 7 Such resistance to antimalarial agents has been implicated in the spread of malaria to new areas and reemergence of malaria in areas where the disease had been eradicated. 8 Therefore, new chemotherapeutic tools are urgently needed. This search can follow phytochemical investigation of medicinal plants used in traditional medicine. 9 Worldwide, the traditional pharmacopeia has played and continues to play a very important role in the discovery of new molecules of therapeutic interest. Natural products are the origin of approximately two-thirds of all drugs introduced in the past 30 years. 10 Majority of antimalarial drugs have been derived from medicinal plants or from structures modeled on plantderived compounds. These include the quinoline-based antimalarials as well as artemisinin and its derivatives. 11 As a result of this, interest in phytomedicine is renewed during the last decade, and many medicinal plant species are being screened for pharmacological activities with possible role in drug discovery. 12 Despite the scientific advances made by modern medicine, the World Health Organization estimates that 80% of Africa's population still uses traditional medicine for primary health care. 13 The World Health Organization supports the use of medicinal plants, provided they are proven to be efficacious and safe. 14 Malaria is known to be the leading cause of mortality and morbidity in the Afar Regional state of Ethiopia, which is the site for plant collection in the present study. 15 In the region, malaria is one of those diseases that are commonly treated by herbal drugs, as reported by Seifu et al, 16 signifying the presence of important indigenous knowledge regarding the treatment of malaria. The analysis of traditional medicines that are employed for the treatment of malaria represents a potential for discovery of lead molecules for the development of antimalarial drugs, as history of quinine and artemisinin derivatives confirmed. 17 Balanites rotundifolia (locally known as Qaalayto in Afaraf and Kulen in Somali) (BR) belongs to the family Balanitaceae. The Balanitaceae family contains flowering plants of 1 genus and around 25 species. Most members of the family are small trees and shrubs. 18 The plant has been widely used for treatment of malaria. 16, [19] [20] [21] It is also a folk remedy for pneumonia in animal, 22 gastrointestinal illness and intestinal parasites, 23 asthma, cough, 21 eye infection, and it also functions as an emetic agent. 24 Even though there are no secondary metabolites in the B. rotundifolia identified so far, there are biomolecules like oxime of 6-phenyl-2(H)-1,2,4-triazine-5-one, which is identified from the extract of similar family, Balanites aegyptiaca. Such compounds have only been extracted from B. aegyptiaca. The removal of this chemical from the extract was evidenced by 50% decreased inhibition of antiplasmodial activity. 25 However, no data are available for validating the antimalarial use of B. rotundifolia. Hence, this study was designed to evaluate the antiplasmodial activity of B. rotundifolia against chloroquine-sensitive strain of Plasmodium berghei in mice.
Materials and methods

Collection of plant material
Fresh aerial parts of B. rotundifolia were collected in September 2015 from the Afar region. These were then identified and authenticated at the National Herbarium, Addis Ababa University, Addis Ababa, Ethiopia, where a voucher specimen (AS 002) was deposited.
Preparation of plant extract
The leaves of B. rotundifolia were cleaned of extraneous matter and air-dried under shade at room temperature. It was then coarsely powdered using a mortar and pestle, and a weighed amount of the powder was macerated using 80% methanol for 72 h with occasional stirring. The resultant mixture was filtered using gauze and Whatman filter paper (Grade 1). The residue was further remacerated twice. Finally, the filtrates were combined together, concentrated using oven (Leaders Engineering, Hastings, UK) at 40°C, and the extract was placed in screw cup vials in refrigerator until usage. The extract was reconstituted in 2% Tween 80 at appropriate concentrations for the various experiments conducted. The 80% methanolic extract of leaves of B. rotundifolia using maceration technique resulted in 3.13% yield.
Experimental animals
Healthy male Swiss albino mice (aged 6-8 weeks, weighting 27-32 g) were obtained from the animal house of the Department of Pharmacology, Wollo University. They were maintained under standard conditions (temperature of 22°C±3°C, relative humidity of 40%-50%, and 12 h light/12 h dark cycle) with food and water ad libitum. The care and the handling of the mice were according to the international guidelines for the use and maintenance of experimental animals, 26 and the institutional review board of Wollo University has approved the protocol. The mice were allowed 1-week acclimatization to the experimental environment prior to the study. 
Phytochemical screening
The 80% methanol extract of leaves of B. rotundifolia was subjected to qualitative phytochemical screening for the presence of terpenoids, tannins, flavonoids, cardiac glycosides, and alkaloids according to the standard methods.
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Test for terpenoids
The dried 80% methanolic extract (100 mg) was dissolved in a mixture of methanol and water. Five milliliters of plant extract was mixed in 2 mL of chloroform, followed by the careful addition of 3 mL concentrated H 2 SO 4 . A layer of the reddish-brown coloration formed at the interface indicates a positive result for the presence of terpenoids.
Test for tannins
The 80% methanol extract (3 g) was heated in a test tube with 10 mL of distilled water on a water bath for 5 min. After cooling, the solution was filtered using a filter paper, and 5 mL of 2% sodium chloride was added to the clear filtrate. The suspension was filtered (Whatman No. 1), and 5 mL of 1% gelatin was added to the clear filtrate. Then, the filtrate was observed whether it gives a precipitate that disappears upon addition of excess gelatin solution, indicating the presence of tannins.
Test for flavonoids
The dried 80% methanolic extract (100 mg) was dissolved in a mixture of methanol and water. To 2 mL of the extract solution, three to five drops of 2% lead acetate solution were added. Then, it was observed whether it develops yellow or orange color that indicates the presence of flavonoids.
Keller-Killiani test for cardiac glycosides
Half a gram of dried extract was placed into a test tube. About 20 mL of distilled water was added, and after 24 h, the extract was filtered using a Whatman No. 1 filter paper. Thereafter, 5 mL of the extract was treated with 2 mL of concentrated glacial acetic acid and two drops of 0.1% ferric chloride solution. This mixture was then carefully added to 1 mL of the concentrated sulfuric acid. The interface was observed for coloration.
Test for alkaloids
Thoroughly ground material (2 g) was treated in a test tube with 10 mL of 1% HCl for 30 min in a water bath. The suspension was filtered into a test tube using cotton and was divided into two parts. To one part of the solution, five drops of Dragendorff's reagent were added; to the other part, five drops of Mayer's reagent were added. If alkaloids are present, the test with Dragendorff's reagent should form a yellowish-orange precipitate or a whitish opalescence with Mayer's reagent.
Acute toxicity testing
The acute toxicity median lethal dose (LD 50 ) of B. rotundifolia extract was estimated orally in healthy female Swiss albino mice, following the 2008 Organization for Economic Cooperation and Development (OECD) guideline 425. 29 Accordingly, five female albino mice of 6-8 weeks were used. All mice were fasted (food but not water) for 4 h before and 2 h after the administration of the extract. First, a sighting study was performed to determine the starting dose. For this, 2,000 mg/kg was given for single female mouse by oral gavage. No death was observed within 24 h. As a result, additional four mice were used and were administered the same dose of the extract. The animals were housed separately and observed continuously for 4 h with 30 min interval and then for 14 consecutive days with an interval of 24 h for the general signs and symptoms of toxicity, like food and water intake; mortality; changes in skin and fur, eyes, and mucous membranes; and respiratory and behavior patterns.
Grouping and dosing of animals
The mice were divided into negative control (NC), positive control, and three test groups of seven animals each. The NC received 2% Tween 80, and the positive control received chloroquine (25 mg/kg, Addis pharmaceutical company, Adigrat, Ethiopia), and the test groups received orally different doses of the 80% methanol leaf extract of B. rotundifolia (100, 200, and 400 mg/kg body weight [BWt] ). These doses were selected according to the result obtained from the acute toxicity test study.
In vivo antiplasmodial activity
For testing the antimalarial activity of the extracts, 4-day suppressive test 30 and Rane's test 31 were applied. Blood from a donor mouse, with a rising parasitemia of about 20%-30%, was diluted in normal saline treated with sodium citrate, so that each 0.2 mL contains about 10 7 infected red blood cells (RBCs). For the 4-day suppressive test and Rane's test, the three groups were given BR100, BR200, and BR400, respectively. The remaining two groups were receiving 2% Tween 80 and the standard chloroquine 25 mg (CQ25). All treatments were given by oral gavage. For the 4-day suppressive test, treatment was started 2 h postinfection and was continued daily for 4 days. For Rane's test, the administered doses are similar to the 4-day suppressive test, but the treatments were delayed for 72 h to allow parasitemia to establish. On the fifth day for the 4-day suppressive test and on the eighth day for Rane's test, a drop of blood was taken from tail snip of each mouse on frosted slide, and smears were prepared, fixed with methanol, and stained with 10% Giemsa solution at pH 7.2 for 15 min. Then, five fields were randomly selected on each stained slide and examined under microscope with an oil immersion objective (×100 magnification power). The parasitemia level was determined by counting the number of parasitized erythrocytes on randomly selected fields of the slide. The parasite count was done by an experimentblinded technician, and percent age parasite suppression was calculated using the following formula. 32 Average percentage parasitemia suppression = (A-B)/A where A is parasitemia in NCs and B is parasitemia in treatment groups.
Daily measurements of rectal temperature (RT), BWt, and packed cell volume (PCV) of the mice were measured. PCV was measured to predict the effectiveness of the test extracts in preventing hemolysis resulting from increasing parasitemia associated with malaria, using Wintrobe method. 
Data analysis
Results of the study were expressed as mean ± standard error of mean. Comparison of parasitemia suppression, BWt, PCV, and RT was determined by one-way analysis of variance (ANOVA), followed by post hoc Tukey's test with SPSS version 16.0 (SPSS Inc., Chicago, IL, USA) at 95% confidence interval.
Ethical clearance
The animals were handled according to the international guidelines for the use and maintenance of experimental animals, 26 and the institutional review board of Wollo University has approved the protocol.
Results
This study explored the phytochemical contents, the acute toxicity, as well as the antiplasmodial activity of 80% methanol extract of leaves of B. rotundifolia against P. berghei in mice.
Phytochemical screening
Preliminary phytochemical screening of the 80% methanol leaf extract of B. rotundifolia revealed the presence of alkaloids and cardiac glycosides. Terpenoids, flavonoids, and tannins were not detected.
Acute oral toxicity
With the acute toxicity test at the limit test dose of 2,000 mg/kg, neither mortality nor changes related to behavioral, autonomic, neurological, and physical profile were observed within the first 24 h and during the 14 days' follow-up.
Four-day suppressive test
The result of 4-day suppressive test indicated that the extract produced significant parasitemia reduction in a dose-dependent manner compared to NC. The BR400 resulted in highest percentage parasite suppression activity (67%, P<0.001), followed by BR200 (42%, P<0.01) and BR100 (37%, P<0.05). The increase in survival days of mice infected with P. berghei was significant only with BR400 treatment compared to NC, BR100, and BR200 treatments (17.3±1.61 days, P<0.001). The standard drug, CQ25, demonstrated the highest effect on percentage parasitemia, percentage parasite suppression, and survival time (Table 1) . Despite a decrease in parasitemia level, treatment with the crude leaf extract of B. rotundifolia did not prevent loss of BWt in P. berghei-infected mice. However, the decrease in BWt after extract treatment was not statistically significant among the different doses of B. rotundifolia. BR400 showed the smallest weight-loss effect compared to BR100, BR200, and NC.
B. rotundifolia extract treatment also prevented a significant decrease in PCV in a dose-dependent manner. The decrease in PCV was highest for BR100 (P<0.001) followed by BR200 (P<0.05) and BR400 (P>0.05) as compared to CQ25. In contrast, no difference was noted in percentage change of PCV between B100 and NC ( Table 2) . 
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Balanites rotundifolia possesses antiplasmodial activity Evaluation of RT revealed that 80% methanolic crude extract of B. rotundifolia caused significant attenuation of reduction in RT of P. berghei-infected mice. Especially, the highest dose has demonstrated comparable effect to the standard drug (P<0.05 for B400, P<0.05 for CQ25). Similarly, the BR100 and BR200 doses prevent the decrease in RT, although the effect was not statistically significant as presented in Figure 1 .
Curative/Rane's test
The crude extract, in a dose-dependent manner, significantly reduced parasitemia by 38%, 45%, and 69% for BR100, BR200, and BR400, respectively, as compared to the NC (P<0.001 in all treated groups). The inhibition by CQ25 was significantly higher than the inhibition by all crude extract doses and the NC (P<0.001). Unlike the 4-day suppressive test, CQ25 demonstrated significantly (P<0.001) better effect than BR400 in the curative test (Table 3) .
Survival days of P. berghei-infected mice were slightly higher in BR100 and BR200 as compared to NC but not statistically significant. The BR400 dose, however, significantly increased the survival days when compared to NC, BR100, and BR200 (P<0.001 for all groups). CQ25 also significantly increased the survival days when compared to the remaining groups (P<0.001 for all groups) ( Table 3) .
For curative test, in which the parasitemia is allowed to establish, BR400 demonstrated comparable effect with CQ25 in preventing the decrease in RT in reference to NC, BR100, and BR200 (P<0.001 for all cases). However, the two lower doses failed to prevent a fall in RT posttreatment compared to pretreatment. In terms of BWt, the BR200 and BR400 prevented the decrease in BWt associated with parasitemia development as compared to NC and BR100, though statistically not significant. Especially, the BR400 increased the BWt greater than the CQ25 dose, but it was not statistically significant (Table 4) .
Discussion
The present study explored the phytochemical contents, the acute toxicity, as well as antiplasmodial activity of B. rotundifolia against P. berghei in mice. A hydroalcoholic (80% methanol) solvent was used for extraction, as such solvent is good for extracting a wide variety of polar and moderately polar compounds. 34 In vivo model was selected, since it can allow possible prodrug effect of the crude extract to be observed. Rodent models particularly have been validated through the identification of several conventional antimalarials such as chloroquine and artemisinin derivatives. 35 The 4-day suppressive test is a standard test commonly used for antimalarial activity screening, and the determination 
P<0
.001. D0, before treatment; D4, after completing treatment. Abbreviations: BR, Balanites rotundifolia; BWt, body weight; CQ, chloroquine; NC, negative control; PCVB, packed cell volume at day 0; PCVA, packed cell volume at day 4; SEM, standard error of mean. 
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Asrade et al of percentage inhibition of parasitemia is the most reliable parameter. It has become popular during scientific evaluation of potential phytomedicines for early investigations of the in vivo efficacy of an antimalarial activity. 35 The results from this investigation show that the methanolic extracts of B. rotundifolia leaf contain antiplasmodium activity substances with both preventive and curative effects. This study also indicates that the parasite clearance ability of the extracts is concentration dependent. This was evidenced by the comparable effect with the 4-day suppressive test (BR400-67%) and curative test (BR400-66%). The extract did not show variation in the antiplasmodium activity at different levels of parasitic infection in both suppressive and curative tests. Another plant from the same genus, B. aegyptiaca, is also reported to have in vitro and in vivo antimalaria activities against other plasmodium species Plasmodium aminopeptidase that strengthens the findings of the present study. 35 This study validated a promising antimalarial plant, B. rotundifolia, which reduced parasitemia by greater than 50% at 400 mg/kg. There are other plants with comparable efficacy that include extracts of Gnidia stenophylla, Vernonia bigontini, Croton myricodies, Euclea schimperi, Cissampelos mucronata, and Clerodendrum myricoides, of which three of the extracts reduced parasitemia by greater than 50% at an oral dose of 400 mg/kg/d. 9, 17 An in vivo antiplasmodial activity can be classified as moderate, good, and very good, if an extract displayed percentage parasite suppression equal to or greater than 50% at a dose of 500, 250, and 100 mg/kg BWt per day, respectively. 36 Thus, the crude hydroalcoholic extract of B. rotundifolia exhibited a moderate in vivo antiplasmodial activity. In both 4-day suppressive and curative methods, the determination of the percentage inhibition of parasitemia is the most reliable parameter, and a mean group parasitemia level that is ≤90% of that the level in vehicle-treated control animals usually indicates that the test compound is active in standard screening studies. 37 Accordingly, B. rotundifolia is considered as active. CQ25 reduced the parasitemia to undetectable level, and the finding is in agreement with other studies. 17, 38 Anemia, BWt loss, and body temperature reduction are the general features of malaria-infected mice, 36 and hematological abnormalities too are also considered a hallmark of malaria.
39 P. berghei increases erythrocyte fragility and significantly reduces PCV in mice. 40 The PCV was measured to evaluate the effectiveness of the crude extract and fractions in preventing hemolysis due to a rising parasitemia level. The underlying causes of anemia in humans and mice include the clearance and/or destruction of infected RBCs, the clearance of uninfected RBC, erythropoietic suppression, and dyserythropoiesis. In untreated mice, the parasite count increased, and the hematocrit PCV decreased markedly from day to day until the death of the animal, which was also observed in previous studies. 37, 41 Although lesser percentage reduction in PCV and RT was observed in lower doses, the present study showed that higher dose crude plant extracts significantly prevented the decrease in PCV and RT.
In this study, remarkable suppression of parasitemia by plant extracts translated into a longer mouse survival. The longest mean survival time of the mice both in suppressive and curative tests was strongly associated with the maximum parasitemia inhibition, and this was in agreement with other in vivo antimalarial tests. 42 In the 4-day suppressive test, only chloroquine treatment significantly increased BWt when compared to the other treatments. But, in the curative test, the BR200, BR400, and CQ25 treatments increased BWt of P. berghei-infected mice though statistically insignificant.
The decrease in BWt in 4-day suppressive test might be due to the possible depressing effect of the crude extract on feed intake in agreement with that of previous studies on other medicinal plant. 41, 43 The increase in BWt by higher doses of crude extract observed in Rane's test might be due to the fact that the higher level of parasitemia significantly lowered the initial BWt, so the significant change was due to regain of initial weight by curative effects of higher doses of the extract.
The crude extract-treated mice in case of 4-day suppressive test and curative test had lower parasite count and 
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Balanites rotundifolia possesses antiplasmodial activity survived better than those treated with respective NCs. The higher dose especially has comparative effects with the positive control, CQ25. This could largely be due to the decrease in hematocrit values with infection, the decrease in parasitemia level, or the prevention of cerebral malaria caused by the rising parasitemia in mice. In other words, NC groups suffered anemia or cerebral malaria because of RBC destruction and parasite multiplication. The anemia was evident in our observation, whereby the hematocrit level in all the groups started normally but reduced drastically as the infection progressed, and there was a clear difference between NC and other extract-treated groups.
The present study supports the earlier claims of the antimalarial activity of B. rotundifolia. 16, [19] [20] [21] The effect of the extract was dose dependent, and the plant may possess antiplasmodial activity even after delayed administration of the crude extract. It seems that B. rotundifolia is one of those potential medicinal plants used in severe and complicated forms of malaria.
The plant contains alkaloids and cardiac glycosides. The former classes of compounds are reported to have antiplasmodial activity. 44 Further studies are required to identify the specific phytochemicals responsible for the antiplasmodial effect as well as the mechanisms of action. It can be assumed that the extract can be safe at the dose levels used in the study with oral LD 50 above 2,000 mg/kg.
Conclusion
B. rotundifolia possesses antiplasmodial activity, and the results of this study provide a basis for further studies on the plant. This includes the isolation and characterization of the bioactive principles with the ultimate objective of finding novel antimalarial compounds that can be used in the fight against drug-resistant malaria.
